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(57) ABSTRACT

Disclosed is a packaged device, comprising a carrier com-
prising a first carrier contact, a first electrical component
having a first top surface and a first bottom surface, the first
electrical component comprising a first component contact
disposed on the first top surface, the first bottom surface being
connected to the carrier, an embedded system comprising a
second electrical component having a second top surface, an
interconnect element, and a first connecting element, the
embedded system having a system bottom surface, wherein
the system bottom surface comprises a first system contact,
wherein the second top surface comprises a first component
contact, and wherein the first system contact is connected to
the first component contact by the interconnect element and
the first component contact of the second electrical compo-
nent is connected to the first carrier contact by means of the
first connecting element.

20 Claims, 3 Drawing Sheets
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1
PACKAGED SEMICONDUCTOR DEVICE
HAVING AN EMBEDDED SYSTEM

TECHNICAL FIELD

The present invention relates to a packaged device, and a
packaged semiconductor device.

BACKGROUND

The necessity to provide smaller, thinner, lighter, cheaper
electronic systems with reduced power consumption, more
diverse functionality and improved reliability has driven a
stream of technological innovations in all technical fields
involved. This is certainly also true for the areas of assembly
and packaging, which provide protective enclosure against
mechanical and thermal outside influences, as well as against
chemical or irradiation-induced damage.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of embodiments and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
serve to explain principles of embodiments. Other embodi-
ments and many of the intended advantages of embodiments
will be readily appreciated as they become better understood
by reference to the following detailed description. The ele-
ments of the drawings are not necessarily to scale relative to
each other. Like reference numerals designate corresponding
similar parts.

FIGS. 1a-1c illustrate a top view and cross-sectional views
across the lines X'-X' and Y'-Y' of an embodiment of how to
connect a packaged device comprising a first device with a
laminated package clip embedding a second electrical device;

FIGS. 2a-2c¢ illustrate a top view and cross-sectional views
across the lines X'-X' and Y'-Y' of another embodiment of a
half-bridge circuit comprising two semiconductor devices
connected by the multifunctional contact clip;

FIG. 3 illustrates a cross-sectional view of yet another
embodiment of a packaged device directly connected to a
circuit board by the multifunctional contact clip.

DETAILED DESCRIPTION

The aspects and embodiments are now described with ref-
erence to the drawings. In the following description, for pur-
poses of explanation, numerous specific details are set forth in
order to provide a thorough understanding of one or more
aspects of the embodiments. It is to be understood that other
embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the
present invention. It should be noted further that the drawings
are not to scale or not necessarily to scale.

In the following detailed description, reference is made to
the accompanying drawings, which form a part thereof, and in
which is shown by way of illustration specific embodiments
in which the invention may be practiced. It may be evident,
however, to one skilled in the art, that one or more aspects of
the embodiments may be practiced with a lesser degree of the
specific details. In other instances, known structures and ele-
ments are shown in schematic form in order to facilitate
describing one or more aspects of the embodiments. In this
regard, directional terminology, such as “top”, “bottom”,
“left”, “right”, “upper”, “lower” etc., is used with reference to
the orientation of the Figure(s) being described. Because
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components of embodiments can be positioned in a number
of different orientations, the directional terminology is used
for purposes ofillustration and is in no way limiting. [tis to be
understood that other embodiments may be utilized and struc-
tural or logical changes may be made without departing from
the scope of the present invention. The following detailed
description, therefore, is not to be taken in a limiting sense,
and the scope of the present invention is defined by the
appended claims.

In addition, while a particular feature or aspect of an
embodiment may be disclosed with respect to only one of
several implementations, such feature or aspect may be com-
bined with one or more other features or aspects of the other
implementations as may be desired and advantageous for any
given or particular application, unless specifically noted oth-
erwise or unless technically restricted. Furthermore, to the
extent that the terms “include”, “have”, “with” or other vari-
ants thereof are used in either the detailed description or the
claims, such terms are intended to be inclusive in a manner
similar to the term “comprise”. The terms “coupled” and
“connected”, along with derivatives thereof may be used. It
should be understood that these terms may be used to indicate
that two elements co-operate or interact with each other
regardless whether they are in direct physical or electrical
contact, or they are not in direct contact with each other;
intervening elements or layers may be provided between the
“bonded”, “attached”, or “connected” elements. Also, the
term “exemplary” is merely meant as an example, rather than
the best or optimal. The following detailed description, there-
fore, is not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims.

The semiconductor chip(s) described further below may be
of different types, may be manufactured by different tech-
nologies and may include for example integrated electrical,
electro-optical or electro-mechanical circuits and/or passives,
logic integrated circuits, control circuits, microprocessors,
memory devices, etc.

The embodiments of a chip module may use various types
of semiconductor chips or circuits incorporated in the semi-
conductor chips, among them AC/DC or DC/DC converter
circuits, power MOS transistors, power schottky diodes,
JFETs (Junction Gate Field Effect Transistors), power bipolar
transistors, logic integrated circuits, analogue integrated cir-
cuits, mixed signal integrated circuits, sensor circuits, MEMS
(Micro-Electro-Mechanical-Systems), power integrated cir-
cuits, chips with integrated passives, etc. The embodiments
may also use semiconductor chips comprising MOS transis-
tor structures or vertical transistor structures, such as, for
example, IGBT (Insulated Gate Bipolar Transistor) struc-
tures, or, in general, transistor structures in which at least one
electrical contact pad is arranged on a first main face of the
semiconductor chip and at least one other electrical contact
pad is arranged on a second main face of the semiconductor
chip opposite to the first main face of the semiconductor chip.
Moreover, the embodiments of insulation materials may, for
example, be used for providing insulation layers in various
types of enclosures and insulation for electrical circuits and
components, and/or for providing insulation layers in various
types of semiconductor chips or circuits incorporated in semi-
conductor chips, including the above mentioned semiconduc-
tor chips and circuits.

The semiconductor chip(s) need not be manufactured from
specific semiconductor material, for example Si, SiC, SiGe,
GaN, GaAs, and, furthermore, may contain inorganic and/or
organic materials that are not semiconductors, such as for
example insulators, plastics or metals.
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The semiconductor chip(s) considered herein may be thin.
In order to allow handling or manipulation of the semicon-
ductor chip, e.g., handling/manipulation required for packag-
ing, eWLP (embedded Wafer Level Packaging), or semicon-
ductor device assembly, the semiconductor chip may form
part of a composite chip. A composite chip may comprise the
semiconductor chip and a reinforcing chip secured to the
semiconductor chip. The reinforcing chip adds stability and/
or strength to the composite chip to make it manageable.

The devices described below may include one or more
semiconductor chips. By way of example, one or more semi-
conductor power chips may be included. Further, one or more
logic integrated circuits may be included in the devices. The
logic integrated circuits may be configured to control the
integrated circuits of other semiconductor chips, for example,
the integrated circuits of power semiconductor chips. The
logic integrated circuits may be implemented in logic chips.

The semiconductor chip(s) may have contact pads (or elec-
trodes) that allow electrical contact to be made with the inte-
grated circuits included in the semiconductor chip(s). The
electrodes may be arranged all at only one main face(s) of the
semiconductor chip(s) or at both main faces of the semicon-
ductor chip(s). They may include one or more electrode metal
layers which are applied to the semiconductor material of the
semiconductor chip(s). The electrode metal layers may be
manufactured with any desired geometric shape and any
desired material composition. For example, they may com-
prise or be made of a material selected from the group of Cu,
Ni, NiSn, Au, Ag, Pt, Pd, an alloy of one or more of these
metals, an electrically conducting organic material, or an
electrically conducting semiconductor material.

The semiconductor chip(s) may be bonded to a carrier. The
carrier may be a (permanent) device carrier used for packag-
ing. The carrier may comprise or consist of any sort of mate-
rial as, for example, ceramic or metallic material, copper or
copper alloy or iron/nickel alloy. The carrier can be connected
mechanically and electrically with one contact element of the
semiconductor chip(s). The semiconductor chip(s) can be
connected to the carrier by one or more of re-flow soldering,
vacuum soldering, diffusion soldering, or adhering by means
of'a conductive adhesive. If diffusion soldering is used as the
connection technology between the semiconductor chip(s)
and the carrier, solder materials can be used that result in
intermetallic phases at the interface between the semiconduc-
tor and the carrier, due to interface diffusion processes after
the soldering process. In case of copper or iron/nickel carriers
it is therefore desirable to use solder materials comprising or
consisting of AuSn, AgSn, CuSn, Agln, Auln or Culn. Alter-
natively, if the semiconductor chip(s) are to be adhered to the
carrier, conductive adhesives can be used. The adhesives can,
for example, be based on epoxy resins, which can be enriched
with particles of' gold, silver, nickel or copper to enhance their
electrical conductivity.

The contact elements of the semiconductor chip(s) may
comprise a diffusion barrier. The diffusion barrier prevents in
case of diffusion soldering that the solder material diffuses
from the carrier into the semiconductor chip(s). A thin tita-
nium layer on the contact element may, for example, effect
such a diffusion barrier.

Bonding the semiconductor chip(s) to the carrier may be
done by soldering, gluing, or sintering, for example. In the
event that the semiconductor chip(s) are attached by solder-
ing, a soft solder material or, in particular, a solder material
capable of forming diffusion solder bonds may be used, such
as a solder material comprising one or more metal materials
selected from the group of Sn, SnAg, SnAu, SnCu, In, InAg,
InCu and InAu.

10

15

20

25

30

40

45

50

55

60

65

4

The semiconductor chip(s) may be covered with an encap-
sulation material in order to be embedded in an encapsulant
(artificial wafer) for eWLP processing or after being bonded
to a device carrier (substrate). The encapsulation material
may be electrically insulating. The encapsulation material
may comprise or be made of any appropriate plastic or poly-
mer material such as, e.g., a thermoplastic or thermosetting
material or laminate (prepreg), and may contain filler mate-
rials. Various techniques may be employed to encapsulate the
semiconductor chip(s) with the encapsulation material, such
as compression molding, injection molding, powder mold-
ing, liquid molding or lamination. Heat and/or pressure may
be used to apply the encapsulation material.

In several embodiments, layers or layer stacks are applied
to one another, or materials are applied or deposited onto
layers. It should be appreciated that any such terms as
“applied” or “deposited” are meant to cover literally all kinds
and techniques of applying layers onto each other. In particu-
lar, they are meant to cover techniques in which layers are
applied at once as a whole, such as, for example, laminating
techniques, as well as techniques in which layers are depos-
ited in a sequential manner, such as, for example, sputtering,
plating, molding, CVD, etc.

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

Embodiments of the present invention will be described in
a specific context, namely as a packaged half-bridge circuit
comprising two power semiconductor transistors. However,
embodiments of the present invention may also be applied to
other device types of circuits and devices.

An embodiment of the invention provides a laminated
package as an electrical connection element between a com-
ponent contact of a first electrical component and a carrier
contact of a carrier. A second component may be embedded in
the laminated package. A package contact of the laminated
package may be connected via a connecting element to a
further carrier contact. In one embodiment the laminated
package comprises a prepreg material. An advantage of
embodiments of the invention is a further reduction in pack-
age and footprint size. Another advantage is a further reduc-
tion in overall electrical path lengths of interconnects, since
longer interconnects may cause capacitive losses, inductive
losses, higher power consumption and signal latencies.

FIGS. 1a-1¢ show an embodiment of an embedded system
100 in a stage where it is attached to the component device
(not shown).

In this embodiment the embedded system 100 comprises a
component package 130 and the component package 130
comprises a laminate 170 as encapsulation material. The
laminate 170 may comprise alternating layers of conducting
and non-conducting (insulating) materials. The insulating
material may comprise prepreg, which is a porous glass fiber
film. The prepreg may be impregnated with bisphenol-A resin
and hardener components. The conductive materials may
comprise metals or metal alloys. For example, the conductive
materials may be copper (Cu) or aluminum (Al).

The laminate 170 comprises a plurality of material layers.
For example, a laminate comprises conductive (comprising
conductive path and traces) and non-conductive layers is a
comprising a polymeric material(s) reinforced with glass or
carbon fibers and sometimes additionally filled with inor-
ganic particles such as Si0,, Al,O; or similar materials. Each



US 9,171,787 B2

5

layer comprises a thickness of about 10 um to about 1,000 pm.
Alternatively, the component package 130 may comprise
other encapsulation materials.

The component package 130 comprises an electrical com-
ponent 155 which may be a chip (or die), for example. The
component 155 comprises a substrate. The substrate may be
a semiconductor substrate such as silicon or germanium, or a
compound substrate such as SiGe, GaAs, InP or GaN, SiC, or
alternatively other materials. The semiconductor substrate
may be a single-crystal silicon or a silicon-on insulator (SOI).
One or more interconnect metallization layers may be
arranged on the substrate. A passivation layer is disposed on
the top surface of the metallization layers defining component
contacts or component contact pads. The passivation layer
may comprise SiN, for example.

The chip 155 may comprise a discrete device such as a
single semiconductor device or an integrated circuit (IC). For
example, the chip 155 may comprise a power semiconductor
device such as a bipolar transistor, an insulated gate bipolar
transistor (IGBT), a power MOSFET, a thyristor or a diode.
Alternatively, the chip 155 may be a component such as a
resistor, a protective device, a capacitor, a sensor or a detector,
for example.

The component 155 has a first component contact or first
component contact pad disposed on its top surface. The com-
ponent 155 may further comprise a second component con-
tact or second component contact pad on the top surface. The
component 155 may finally comprise a third component con-
tact or third component contact pad on the top surface or the
bottom surface. Alternatively, the component 155 may have
other and/or different contact pad arrangements on its top and
bottom surfaces.

The component package 130 may comprise connection
element 162. The connection element may be a conductive
interconnect, a conductive trace, a conductive redistribution
layer, or a second carrier. The component package 130 may
comprise second component package contacts 164, 166, 168
connected to the component contacts of the component 155.

In one embodiment, the connection element 162 is a lead-
frame. The leadframe 162 may comprise leadframe contact
pads or leads and a component attach region 163. The lead-
frame 162 may comprise a conductive material such as a
metal. For example, the leadframe 162 may comprise copper
and/or nickel. The leadframe 162 may further comprise lead-
frame contacts 112.1, 162.2, 162.3 and 162.4. The laminate
material 170 may be deposited onto the leadframe 162 and the
component 155, and thereafter openings may be formed in the
laminate material above the leadframe contacts 162.1-162.4
and the upper surface of the component 155. Thereafter a
conductive is deposited into the openings by, for example
electroplating or electroless plating. In this way the second
component package contacts 164, 166 and 168 are formed.

The component 155 is attached to the leadframe 162 at the
die attach area 163. For example, the bottom surface of the
component 155 is attached to the top surface of the leadframe
162. The component 155 is attached with a die attach con-
nection. For example, the main surface of the component 155
is bonded to the top surface of the leadframe 162 using a
eutectic bonding or an epoxy bonding. Alternatively, the main
surface of the component 155 is bonded, glued, soldered by
diffusion soldering or connected by a nano-paste to the top
surface of the leadframe 162 using an adhesive tape, a solder
paste or a solder. Depending on the specific configuration the
component attach connection may be an electrical connection
or may be an insulating barrier.

In one embodiment, the component 155 is a power semi-
conductor switch or a transistor having a drain contact and a
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gate contact at the top surface of the component 155 and the
source contact at the bottom surface. The gate contact of the
power semiconductor switch is connected to the component
package contact 166 via a trace in the laminate 170, the drain
contact of the power semiconductor switch is connected to the
component package contact 164 via a trace in the laminate
170 and the source contact of the power semiconductor
switch is directly connected to the leadframe 162.

FIGS. 2a-2¢ show an embodiment of a packaged electrical
device 200. The packaged electrical device may be a half-
bridge circuit. The packaged electrical device comprises a
first component such as power transistor chip 230 and an
embedded system 250 comprising a second component such
as a second power transistor chip 255. The first component
230 is mechanically and electrically connected to a carrier
contact 216 through the embedded system 250.

FIGS. 2a-2¢ show an embodiment of an electrical compo-
nent package 200 (e.g., a half-bridge circuit). The first com-
ponent 230 of the electrical component package comprises a
first contact such as a source contact 232 and a second contact
such as gate contact 239 on the upper or first main surface and
a third component contact such as the drain contact 236 on the
lower or second main surface opposite the main surface. The
third component contact (e.g., drain contact) 236 is mechani-
cally and electrically connected to a die attach region 212 of
the carrier such as a metallic leadframe 210, which further
comprises leadframe contacts 210.1, 210.2, 210.3 and 210.4,
via abackside metallization (BSM) layer 225. The BSM layer
225 may comprise barrier layers such as Cr, Ti or Ta layers,
which protect the first component 230 against undesired
metal atom diffusion into the component, and a layer (or a
stack of layers) of metals such as Au, Ag or Cu layers which
may exhibit a high coefficient of diffusion into the metallic
leadframe 210. The second contact 239 is connected to the
carrier contact 219 (e.g., lead) via a trace 284 in the laminate
270 of the embedded system 250.

The first component contact 232 of the component 230 is
connected to the carrier contact 216 through the connection
element 250 (embedded system). The connection element
250 comprises a second component such as a second power
transistor chip 255, an interconnect element such as a con-
ductive interconnect 262, conductive trace, redistribution
layer or a leadframe, and a encapsulation material (e.g., lami-
nate) 270. The second component 255 comprises a first con-
tact 261 such as the drain contact and a second contact 263
such as the gate contact on the second top surface of the
second component 255 and a third contact 265 such as the
source contact on the second bottom surface opposite the first
main surface of the second component 255. The interconnect
element 262 of the embedded system 250 provides multi-fold
functionality.

The interconnect element 262 is electrically connected to
the first component contact 232 (e.g., source contact) of the
first component 230 and the third contact 265 (e.g., source
contact) of the second component 255. Moreover, the inter-
connect element 262 provides a conductive connection
between the component contacts 232, 265 and the carrier
contact (e.g., lead) 216. Finally, the interconnect element 262
together with the trace 268 through the laminate 270 estab-
lishes a conductive path to the top surface of the embedded
system 250, thereby providing an interconnection route to
external circuits.

The first component contact 261 of the second component
255 is electrically connected to the carrier contact (e.g., lead)
214 through the component package contact 264, and the
second component contact 263 of the second component 255
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is electrically connected to the carrier contact (e.g., lead) 218
through the component package contact 266.

The electrical component package 200 may further com-
prise an encapsulant (not shown). The encapsulant encapsu-
lates the first component 230 with an encapsulation material.
The encapsulant may further encapsulate (or partially encap-
sulates) the connection element 250 (embedded system) and
the carrier 210.

The encapsulation material of the encapsulant may be a
molding compound or a laminate. In one embodiment the
encapsulation material may be a different material than the
encapsulation material of the embedded system 250. For
example, the encapsulation material of the embedded system
270 may be a laminate and the encapsulation of the encapsu-
lant may be a molding compound.

The encapsulation material of the encapsulant may com-
prise thermosetting materials such as an epoxy, polyurethane
or polyacrylate compound. Alternatively the encapsulation
material may comprise thermoplastic materials such as
polysulfones, polyphenylen sulfides, or polyetherimides. In
one example, the encapsulation may comprise a polyimide
such as a Si-modified polyimide.

Since the electrical component package 200 may provide
modular characteristics, several extended configurations are
possible. For example, a third component may be disposed on
the electrical component package 200. In another example, a
heat sink may be disposed on the top surface of the embedded
package 250 promising effective and improved heat manage-
ment.

FIG. 3 shows an embodiment of a component package in
which the package is connected directly to a circuit board, in
order to allow for improved heat management of the com-
prised devices.

In this embodiment a circuit board 310 is provided and a
first electrical component such as a first power transistor chip
330 is connected to the circuit board 310 via a backside
metallization layer (BSM) 325. A metal substrate 362 is
mechanically and electrically connected to the source contact
332 of the first power transistor 330. To this metal substrate
362 a second electrical component such as a second power
transistor 355 is connected mechanically and electrically.
Finally, the connecting element 364 is attached to the second
electrical component 355 to directly connect the second elec-
trical component 355 to the circuit board 310. This assembly
is then encapsulated by an encapsulant such as a laminate 370
comprising traces for the deposition of electrical connection
elements such as the gate electrode 366 and/or other connec-
tion elements (not shown), thereby providing an interconnec-
tion route to external circuits.

A fourth embodiment provides for the mechanical and
electrical connection of two already encapsulated electrical
devices such as first and second power transistors by the
above-described connection element of this invention to build
a packaged electrical device, such as, for example a half-
bridge circuit.

For the different embodiments of the packaged electrical
devices shown in FIGS. 1-3 the mechanical connection may
involve bonding metal to metal surfaces. There are several
methods to join metallic interfaces. In one embodiment a
conductive adhesive is applied. The conductive adhesive may
comprise thermoplastic or thermosetting resins (e.g. epoxy
compounds, polyimides, modified silicones) which contain a
large volume (up to 80%) of highly conductive flakes of Ag,
Ag-plated Cu, Ni or Au. The size of the conductive flakes may
be in the range of tens of um. Conductive adhesives can be
screen printed, stencil printed, dot placed or dispersed on the
interface to be connected. After the application of the con-
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ductive adhesive, the layers are cured for a few minutes at
temperatures ranging from 100° C. to 250° C.

In another embodiment, nanopaste products are employed.
Nanopaste products comprise metallic inks having particles
of Ag or Au which measure a few tens of nm in size. Nano-
pastes may be applied to a substrate by an inkjet printer. Bond
formation between the contact interfaces occurs by sintering
of the nanopastes (for example at 220° C.-250° C., under a
pressure of 1-5 MPa, for 1-2 min).

In a further embodiment, solder techniques are applied.
Solder materials such as Pb/Sn and Au/Sn can be used. Solder
techniques may include diffusion soldering, also known as
solid-liquid inter-diffusion bonding. With diffusion bonding
ametallic thin-film interlayer is employed, which melts at low
temperatures and reacts rapidly with the metals of higher
melting interface layers to form one or more intermetallic
phases. These intermetallic compounds (IMCs) have dis-
tinctly higher melting points than the original low-melting
interface. Thus, the joint will not re-melt thereafter unless it is
heated to a higher temperature at which one of the interme-
tallic phases melts. AuSn, AgSn, CuSn and Agln are fre-
quently used for diffusion soldering. Soft soldering and dif-
fusion soldering may be carried out at temperatures of 300-
400° C., or at temperatures below 350° C. In some
embodiments, lower processing temperatures are desirable to
better guarantee the integrity of the laminate architecture.
Formation of solder connections at a temperature below 250°
C. becomes possible by applying batch soldering/curing
under pressure in an oven.

In one embodiment a Reactive Nano Technology (RNT)
bonding may be applied to join two metallic interfaces in the
presence or absence of a solder material. RN'T bonding relies
on the presence of 1-30 nm thick reactive nanoscale bilayers
of alternating elements like Ni/Al, Al/Ti or Ti/a-Si. A self-
propagating exothermic intermixing process between the dif-
ferent metals in the nanostack may be ignited at the periphery
of the reactive layer by a local heat pulse, a laser pulse or an
electrical pulse. The heat released by the exothermic reaction
induces inter-diffusion processes between the metallic faces
to be joined. Applying a bonding pressure of a few MPa,
bonding of contact faces may occur within milliseconds. The
heat created by the self-propagating reaction remains local-
ized close to the contact interface and does not penetrate too
much into the bulk of the metallic counter-faces to be joined.

In one embodiment Nanovelcro technology may be
applied to bond metallic interfaces without applying a solder.
With this bonding technique, thin layers comprising conduc-
tive carbon nanotubes are applied to the contact interfaces to
be joined. The two contact layers are enmeshed under pres-
sure forming electrical and mechanical contacts without the
application of solder.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims.

Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
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Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What is claimed is:

1. A packaged device, comprising:

a carrier comprising a first carrier contact;

a first electrical component, the first electrical component
having a first top surface and a first bottom surface, the
first electrical component comprising a first component
contact disposed on the first top surface, the first bottom
surface being connected to the carrier;

an embedded system comprising a second electrical com-
ponent, an interconnect element, and a first connecting
element, the embedded system having a system bottom
surface, wherein the system bottom surface comprises a
first system contact, and the second electrical compo-
nent having a second top surface, wherein the second top
surface comprises a first component contact, wherein

the first system contact is connected to the first component
contact by the interconnect element and the first com-
ponent contact of the second electrical component is
connected to the first carrier contact by means of the first
connecting element.

2. The packaged device according to claim 1, wherein:

the embedded system comprises a second connecting ele-
ment;

the carrier has a second carrier contact; and

the first electrical component has a second component
contact on the first top surface, wherein

the second component contact of the first electrical com-
ponent is connected to the second carrier contact by
means of the second connecting element.

3. The packaged device according to claim 2, wherein:

the carrier comprises a component attach region and the
first electrical component comprises a third component
contact on the first bottom surface, and wherein

the third component contact of the first electrical compo-
nent is electrically connected to the component attach
region of the carrier.

4. The packaged device according to claim 3, wherein the
first electrical component is a first transistor, wherein the first
component contact is a first source contact of the first tran-
sistor, wherein the second component contact is a first gate
contact of the first transistor, and wherein the third component
contact is a first drain contact of the first transistor.

5. The packaged device according to claim 4, wherein the
second electrical component is a second transistor, wherein
the second transistor comprises a second top surface and a
second bottom surface, wherein a second source contact is
arranged on the second bottom surface, and wherein a second
drain contact and a second gate contact is arranged on the
second top surface.

6. The packaged device according to claim 5, wherein the
first source contact and the second source contact are electri-
cally connected.

7. The packaged device according to claim 6, wherein:

the carrier comprises a third carrier contact and a fourth
carrier contact;

the embedded system comprises a third connecting ele-
ment and a fourth connecting element;

wherein the third connecting element connects the second
gate contact to the third carrier contact, and wherein the
fourth connecting element connects the second drain
contact to the fourth carrier contact.

8. The packaged device according to claim 3, wherein the

first electrical component is a first transistor, wherein the first
component contact is a first drain contact of the first transistor,
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wherein the second component contact is a first gate contact
of'the first transistor, and wherein the third component contact
is a first source contact of the first transistor.

9. The packaged device according to claim 8, wherein the
second electrical component is a second transistor, wherein
the second transistor comprises a second top surface and a
second bottom surface, wherein a second source contact and
a second gate contact is arranged on the second bottom sur-
face, and wherein a second drain contact is arranged on the
second top surface.

10. The packaged device according to claim 9, wherein the
first drain contact and the second drain contact are electrically
connected.

11. The packaged device according to claim 10, wherein
the carrier comprises a third carrier contact and wherein the
packaged device further comprises a third connecting ele-
ment, wherein the third connecting element connects the sec-
ond gate contact to the third carrier contact.

12. The packaged device according to claim 1, wherein the
embedded system comprises the second component, the
interconnect element and the first connecting element embed-
ded in a laminate material.

13. The packaged device according to claim 1, wherein the
carrier further comprises a second carrier contact, wherein the
first electrical component comprises a second component
contact on the first top surface, wherein the embedded system
comprises a second system contact on the system bottom
surface, and wherein the second system contact is electrically
connected to the second component contact and the second
system contact is electrically connected to the second carrier
contact.

14. A packaged semiconductor device, comprising:

a carrier comprising a first carrier contact;

a first electrical component, the first electrical component
having a first top surface and a first bottom surface, the
first electrical component comprising a first component
contact disposed on the first top surface, the first bottom
surface being connected to the carrier;

an embedded system comprising a second electrical com-
ponent, and an interconnect element comprising a first
interconnect element contact and a second interconnect
element contact, and a first connecting element,

the embedded system having a system bottom surface,
wherein the system bottom surface comprises a first
system contact, and the second electrical component
comprises a second component contact, wherein

the first system contact is connected to the first component
contact by the first interconnect element contact, and the
second component contact is connected to the first car-
rier contact by the second interconnect element contact
and the first connecting element.

15. The packaged semiconductor device according to
claim 14, wherein the embedded system comprises the sec-
ond electrical component, the interconnect element and the
first connecting element embedded in a laminate material.

16. The packaged semiconductor device according to
claim 15, wherein the laminate material comprises a prepreg
material.

17. The packaged semiconductor device according to
claim 15, wherein the embedded system comprises a second
connecting element embedded in the laminate material.

18. The packaged semiconductor device according to
claim 14, wherein the first electrical component and the sec-
ond electrical component are power transistors.

19. The packaged semiconductor device according to
claim 14, wherein the first electrical component and the sec-
ond electrical component are connected in series.



US 9,171,787 B2
11

20. The packaged semiconductor device according to
claim 14, wherein the carrier and the interconnect elements
are leadframes.
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